Th e main route of economic development on an innovative basis implies the effi cient implementation of scientifi c research and development activities (R&D) in a country. However, if economists generally agree that R&D expenses contribute to the technological development of the economy and improve the sectorial structure of industry in favor of highly technological, value adding industries, then the contradictions between scientifi c viewpoints in debates on the impact of military R&D expenses are of a more acute character. Even in cases where empirical researches reveal the positive interdependence between military R&D expenses and the most important indicators of economic development, the issues regarding their benefi t to broad layers of society always remain disputable. Th e article summarizes analyses of the impact of military R&D on the economy conducted at diff erent times, and coordinates the conclusions drawn. Th e main directions of impact of military R&D on the economy are presented: security eff ect, aggregate demand growth eff ect, aggregate supply growth eff ect, positive spillover eff ect, negative spillover eff ect, and crowding-out eff ect. In addition, the dynamics of military R&D in Armenia have been studied and certain judgments evaluating their peculiarities are presented.
Introduction
Th e main route of economic development on an innovative basis implies the effi cient implementation of scientifi c research and development activities (R&D) in a country, which in its turn depends on the amount and reasonableness of fi -nancing allocated to these activities; large R&D expenses can be aff orded primarily by developed economies. A closed chain is created, which has led to a situation in the global economy where at the initial stages of technological lifecycles the main manufacturers are developed countries. However, the experience of certain countries (Israel (Broude et al., 2013) , South Korea (Weitz, 2013) , and Singapore (Kuah and Bernard, 2004) ) indicates that the effi ciency of R&D expenses can enable countries with small open economies to overcome the technological gap with developed economies and identify new backbones for economic development.
Many countries incur military R&D expenses aimed at increasing their military and defense capabilities through technological improvement. Of course, the initial motivation for creating such expenses is not the economic development of the country or the receipt of economic benefi ts. However, it can lead to both signifi cant positive spillover eff ects as a result of the application of scientifi c achievements gained in civilian industries, and also to unforeseen negative spillover effects, most oft en in the form of external costs, which can become a reason for structural disproportion in the economy, causing formidable problems. Th ere are certain exceptions, but one example of how the negative infl uence of military R&D expenses on the economy can serve the underproduction of consumer goods was the result of the militarization of the USSR economy, which led to the gradual aggravation of social problems and fi nally the collapse of the USSR.
Under the conditions of eff ective development regularities of the market economy, where the confi dentiality level of R&D activities carried out in the military sphere has been signifi cantly reduced, the state monopoly in the production of military-industrial products has been partially abolished, the role of private enterprises in the global arms market has become more signifi cant, technology transfer pipelines between diff erent sectors have become more transparent and unobstructed, and the probability of positive spillover eff ects from government spending allocated to military R&D has been considerably increased. Also, the existence of a clearly developed dual purpose production development strategy can allow for minimizing the probability of unforeseen negative eff ects. Th erefore, importance is attached to assessment of the impact of military R&D expenses on the economy, not only in terms of the identifi cation of spillover eff ects but also, in the context of their analysis, as an essential factor of the innovative development of the country.
Th e study of military R&D expenses impact on the innovative development of the economy and particularly on the civilian sector requires analyses in the following areas: -the study of possible changes in the general productive capacity of the economy as a result of development and the introduction of new technologies, -the impact of military innovations on the development of civilian industries; -the assessment of possible diff erences in the productivity rate conditioned by diff erent funding sources (own, attracted and state); -the impact of the general conditions of the economic development and the existence of an industrial base on the effi ciency of military R&D expenses; -the comparative assessment of the effi ciency of military and civilian R&D fi nanced by the state.
Th e main objective of the article is to coordinate the existing empirical and theoretical researches on the impact of military R&D on the economy, aimed at identifying certain regular occurrences of this impact, as well as to present the dynamics of military R&D in Armenia and the peculiarities of their infl uence on the economy.
Th eoretical and empirical substantiations of the impact of military R&D Th e issues related to the impact of scientifi c and technical progress on the economy and to the management of expenses incurred on R&D became the subject of active discussions in economic research in the middle of the last century, when Solow in his article "A Contribution to the Th eory of Economic Growth" suggested viewing knowledge as an independent factor aff ecting economic growth (Solow, 1956) , and in the article "Technical Change and the Aggregate Production Function" published in 1957, he had already presented certain instruments of macroeconomic analysis that treat technological progress as the most important factor of economic growth (Solow, 1957) . However, if economists generally agree that R&D expenses contribute to the technological development of the economy, improve the sectorial structure of industry in favor of highly technological, value adding industries, and the main contradictions arise only during analysis of the results of empirical researches conducted for the establishment of these realities, the contradictions between scientifi c viewpoints in the debates on the impact of military R&D expenses are of more acute character. Even in cases where the empirical researches reveal a positive interdependence between military R&D expenses and the most important indicators of economic development, the issues of their benefi t to broad layers of society always remain disputable. However, the fact is that during the second half of the 20th century, as a result of research and development activities carried out for military purposes, revolutionary technological innovations such as satellite communication, jet engines, semi-conductors, nuclear energy, the space industry, the Internet, etc. have been achieved (Naughton, 2016) .
With respect to this issue, the main argument-alternative in scientifi c debates is that innovations and greater results in economic development based thereon can be achieved if the R&D expenses prevail in civilian industry and are made on the initiative of private entrepreneurs pursuing commercial interests. Th e researches that evidence the truthfulness of this viewpoint are few in number in economic literature due to the limited amount of data on military R&D published by various countries, as well as by the imperfections in the methodological and conceptual approaches to the assessment of spillover eff ects. One such research (Leonard, 1971) has revealed that in the USA in the 1960s the activity shown in the research sphere (measured by R&D expenses incurred by the companies) had a positive signifi cant correlation with sales volume, assets, net income and other indicators of 16 industrial enterprises, however, when the state R&D expenses were also included, the correlation failed to be signifi cant. Aft er excluding from the research those industrial sectors consuming 5/6 of the state funds, namely, the aircraft industry, rocket engineering and the production of electric appliances, the signifi cant correlation was recovered. Th is has allowed us to conclude that industrial growth is slowed down as a result of the reallocation of R&D expenses incurred for defense or space industry purposes. Another research, conducted on four industrial sectors in Canada (aerospace, shipbuilding, electronics and chemical industries) and based on 1961-1985 data (Poole and Bernard, 1992 ) drew the conclusion that military innovations had a signifi cant negative impact on the growth of total factor productivity, especially in the aerospace and electronics industries, and that this negative impact had a weaker impression on the shipbuilding and chemical sectors. Later, during the study on the impact of R&D activities on productivity growth conducted for 16 OECD countries, the authors (Guellec and Pottelsberghe, 2001) identifi ed that state funding in general had a negative eff ect on R&D activities carried out in the private sector, and only military-related expenses had a signifi cant negative impact on multi-factor productivity levels, whereas the state funding of civilian R&D had a positive impact on innovations and business revival in the private sector.
Similarly, Moretti et al. (2016) used a unique dataset that contains detailed information on defense-related government funded R&D, non-defense related government funded R&D, private R&D, output, employment and salaries in 26 industries in every OECD country over a 23 year period, to look at how government funding R&D impacted on privately performed R&D and its ultimate effect on productivity growth. In this study, defense R&D expenditures are used as an instrumental variable. Th ey found strong evidence of crowding in: increases in government funded R&D generated by increases in defense R&D translate into signifi cant increases in privately funded R&D expenditures, with the most reliable estimates of the long run elasticity between 0.2 and 0.5. On average, $1 of additional public funds for R&D translates into $2.4 to $5.9 of extra R&D funded by the private sector. Defense related R&D is responsible for an important portion of private R&D investment in some industries. For example, in the US "aerospace and other transport equipment" industry, defense related R&D amounted to $36.9bn in 2003 (2016 prices). Th e study also indicates that cross-country differences in defense R&D might play an important role in determining cross-country diff erences in overall private sector R&D investment. For example, if Germany increased its defense R&D as a fraction of GDP to the level of the US, privately funded R&D would increase by 44%.
As for the "crowding-out" eff ect of military R&D in civilian industries arising as a result of fi nancing military R&D, the empirical researches (particularly, Buck et al., (1993)) overall have not managed to identify any clear long-term relationship between military and civilian R&D, therefore they are unable to prove the existence of any crowding-out eff ect. However, certain researchers (e.g. Hartley, (2006)) believe that in the military sphere the R&D activities have obvious alternative expenses, since oft en limited high-quality scientifi c human resources and assets are used on monopolistic conditions that otherwise could be used for civilian research and development activities. In contrast, many studies exist (for example in the USA, Chakrabarti et al., (1993) , and Israel's example, Peled, (2001)), which prove that military R&D contributes to the growth of production output in civilian industries, and therefore, also supports economic growth conditioned by technological changes, the basis of which are the licenses for the use of military R&D results.
Some studies have analyzed in more detail the considered relationship from the point of view of the diff erences between types of countries. Fredericksen and Looney (1985 Looney ( , 1989 found that military spending had a negative infl uence on growth for "resource constrained" developing countries, but positive for "resource unconstrained" and that this impact is a more positive for countries that have an indigenous arms industry. Th e link between the arms trade, military spending and growth is also examined in the study by Yakovlev (2007) , which revealed a negative impact of military expenditure on growth across a sample of developed and developing countries, but this negative impact reduced the more the country was a net exporter of arms.
Morales-Ramos considers the existence of such contradictory conclusions natural (Morales-Ramos, 2002), being of the opinion that the effi ciency of military R&D and the demonstration of their impact vary from country to country, which considerably complicates the identifi cation of general regularities. Th e analysis conducted for Great Britain allowed him to conclude that the indirect crowding-out eff ects, in substance, did not exceed the direct positive spillover eff ects, so it could be assumed that the net impact of military R&D expenses on economic growth is positive.
Th e infl uence of military R&D expenses on the economy defi nitely cannot be limited to just crowding-out or side eff ects, it is quite important to take into account such factors as a high level of national security, which increases the utility of households (security eff ect) and the possibility of the development of generalpurpose technologies by means of military R&D, which in economic literature is known as a spin-off eff ect. In this context, it can be stated that the impact of R&D on economic growth implies substantial uncertainties. Particularly, if the reduction in expenses for military R&D occurs when their starting level is considerably high, it would have a positive impact on economic growth, whereas in the case of a low starting level in military R&D expenses, the impact would be negative. In fact, such a level of military R&D expenses exists, which maximizes economic growth due to the positive spillover eff ect and the spin-off eff ect, and at the same time, there is such a level of military R&D expenses that maximizes the welfare function of households owing to the security eff ect. Th e diff erence between these two critical levels is almost always conditional upon the security eff ect: if it is low, the level of R&D maximizing the welfare of households will be lower than the level of R&D maximizing economic growth (Chu and Lai, 2009 ).
Investigation of the causal relationship between military spending and social welfare expenditures is also very important because there is a trade-off between military expenditures and other major government spending. An empirical study (Lin et al., 2015) based on the panel data of 29 OECD countries from 1988 to 2005, revealed a positive trade-off between military spending and two types of social welfare expenditures (i.e. education and health spending). Th e authors found that the reasons may be that OECD countries are more supportive of social welfare programs; therefore, when military spending is increased (e.g. military personnel and conscripts), the government may raise health and education spending as well.
A particularly interesting study is the comparatively new Schmid (2017) analysis using negative binominal and zero-infl ated negative binominal regression models for assessing the impact of the rate at which defense-funded knowledge diff uses into subsequent innovations on the overall innovation system. Th e most remarkable fi nding of study is that there is no statistically signifi cant diff erence in the rates at which military and civilian technologies diff use. Th is fi nding contradicts the prevailing scientifi c view that the modern defense sector features restrict the diff usion of technologies developed therein.
Summarizing the results of the existing researches and conclusions drawn thereon, the following main directions of impact of military R&D on the innovative development of the economy shall be distinguished: -Security eff ect, which on the one hand ensures the existence of a secure and reliable environment for economic activity in the country, thus contributing to the growth of domestic and foreign investments and business revival, and on the other hand, implies the growth of the public utility function, since one of the key public benefi ts included therein, namely national security and defense ability, is improved signifi cantly in quality owing to technological progress. -Aggregate demand growth eff ect, the impact mechanism of which is indirectly linked to a change in the public welfare function: when it grows, the consumer expenses of households are increased. -Aggregate supply growth eff ect, which is possible to achieve due to productivity growth and the reduction of production costs in the economy as a result of technological progress. -Positive spillover eff ect, when military technologies are transferred to other industry sectors and contribute to general technological progress in the economy. Th ree options demonstrating positive externalities can be distinguished: -Spin-off eff ect, when technologies developed as a result of military R&D, having met as a priority the military and defense requirements, are later transferred (through the sale of patents and licenses) to civilian industries; -Spin-in eff ect, when the country's R&D expenses are directed mainly to the development of civilian technologies by private companies, however these companies also fulfi l state orders for military and defense needs or on their own initiative (although based on a license issued by the government) produce military products, the realization of which is arranged on commercial terms; -Spin-on eff ect, in cases whereby military R&D make it possible to also develop general-purpose technologies, so that enterprises producing military products are always able to switch to the production of civilian products (conversion). -Crowding-out eff ect, the impact of which is negative due to the attraction of high-quality human resources and assets from civilian industries, resulting in worsening (or in losing the possibility to improve) productivity in those industries and other economic indicators. -Negative spillover eff ect, which is demonstrated by excess resource expenses since under the conditions of state-guaranteed sales of manufactured products and a considerable amount of state funding, the main burden is carried by society, which does not always act as a consumer of the products produced by the R&D activities. Th is issue is more common in those countries which, being in no danger of taking part themselves in a military emergency, carry out signifi cant R&D for the production of advanced weapons, which are mainly exported.
It is obvious that analysis of the impact of military R&D in each of the directions stated above is impossible, purely due to the fact that a number of key factors exist that are not subject to quantitative measurement. Such factors include, for example, society's perception of defense or the moral and psychological position of society with respect to the production of weapons, which can oft en be decisive in the decision-making process of economic entities at the micro level. In addition, it is not always possible to distinguish between the boundaries of these eff ects and the possibilities of their multiplicative impact. Th erefore, the analytical models always assume a considerable degree of scientifi c abstraction and consequently imply contradictions in their conclusions.
Dynamics of military R&D expenses in Armenia and peculiarities of their impact on the economy
As a rule, the development of mechanisms for the growth of the military industry and more effective use of government spending allocated to defense is typical, especially of those countries which are in a certain critical situation (war, frozen confl ict, military embargo, blockade, etc.). Such examples are numerous: Israel (Schein, 2017), Turkey (Bağcı & Kurç, 2016) , Brazil, and Egypt (Brauer, 2002) on which an arms import embargo was imposed for various reasons and which began to develop domestic arms production. Armenia is beyond the scope of this pattern. Being in a frozen confl ict zone and also experiencing a bilateral blockade by neighboring Azerbaijan and Turkey, Armenia, in fact, has not undertaken any signifi cant measures for the development of its military industry forced by national security requirements. In particular, necessary attention has not been focused on military R&D and its potential benefi ts. First, it should be stated that a breakdown of the amount of fi nancing for research and development activities within the total defense expenses, under the laws on the RA state budget, have been available since 2008 (relevant statistical data is presented in Table) . Prior to that, funds allocated for defense were presented in two subgroups in the state budget -"military needs" and "other defense needs". Given the fact that in 1995-2007 the expenses of the second subgroup amounted to 5%-7% of total defense expenses, and following the dynamics of the fi nancing of R&D in subsequent years, which fl uctuated within the range of 0.6%-0.8% of the total defense expenses, we can insist on the incompatibility of the 1995-2016 data. At the same time, the lack of quarterly or semi-annual data in the available statistical information makes the results of econometric statistical researches unreliable. Besides, in cases whereby we decide to rely on the research insisting that military R&D expenses that are low by an absolute indicator have an almost zero impact on the overall development of economy (Pieroni, 2009) , the examination of the realities of the impact of military R&D expenses on the economy of Armenia is significantly complicated. Th erefore, we have tried to build up our estimates primarily based on logical judgments.
Th us, any negative impact of military R&D on the Armenian economy can be excluded due to the existence of signifi cant unrealized production capabilities and free manufacturing resources in the economy. Under such conditions, there is no suffi ciently large real sector in order to demonstrate any crowding-out eff ect. Th ere are few civilian research activities carried out in the country (the state funding of which makes up only about 0.25% of GDP) with a rather low level of commercialization of the results. Th erefore, military R&D, the prioritized necessity of which is dictated by the urgent solution of the security issues of the country, can serve as a successful precondition for technological progress in the country, by including other technology-based industry sectors (chemicals, machinery engineering, information technology, etc.) in its technological processes.
At the same time, ensuring the possible security eff ect is of high importance for Armenia in current geopolitical conditions. Based on various estimates, as a result of the economic blockade, Armenia loses 30%-40% of potential direct foreign investment, and what is more problematic, local investors also avoid investing in the real sector, oft en preferring to invest in other countries (Avetisyan et al., 2015) . Sure enough, these circumstances are to some extent conditioned by the security issues of the country.
Perhaps the only direction of any negative impact of military R&D expenses on the economy of Armenia is the growth of the additional tax burden for society, since ultimately the state budget fi nancing is provided at the expense of the taxpayers. A heavier tax burden leads to a reduced net income for individuals and private corporations, leaving less money for saving and for private investment. Regardless of the fi nancing measure, increased defense spending is likely to limit the amount of funds available for private investment, which is critical, particularly in developing countries due to their shortage of capital resources (Uk Heo, Min Ye, 2016). Although the situation is quite diff erent if the country has its indigenous defense industry. Th us, by investing in the defense industry, such as the purchase of military equipment or R&D expenditure, the government eff ectively uses taxpayers' money, since a signifi cant part of this quickly returns to the state budget as taxes. Studies have shown that of the 100 currency units allocated for defense, 43 units are returned to the budget by tax payments (Lavrinov, 2007) .
However, if we take into account all the possible direct and indirect benefi ts of effi cient R&D expenses in the long-term, for example, the domestic production of arms and ammunition at the initial stage of their technological lifecycle, and opportunities for the manufacture of innovative civilian products owing to technology transfer, such use of state funding appears more acceptable than the expenses incurred for the import of arms which are at the fi nal stage of their technological lifecycle.
Conclusions
Th e impact on the economy of R&D carried out for defense and military purposes is multi-vector, and these impact vectors oft en imply adverse eff ects on the overall economy and its individual phenomena, and in some cases these vectors play the role of accelerator to each other. Th is signifi cantly complicates the task of assessing the impact on the economy and leads to contradictory conclusions since analytical models usually involve a considerable degree of scientifi c abstraction. However, researches conducted in this area have allowed for distinguishing some regularities in interconnection between military R&D and economic growth. Th ese are: -security eff ect; -aggregate demand growth eff ect; -aggregate supply growth eff ect; -positive spillover eff ect (including spin-off , spin-in and spin-on eff ects); -crowding-out eff ect, -negative spillover eff ect.
Th e peculiarities of demonstration of the above stated eff ects in the economy of Armenia are linked to signifi cant complications due to the limited amount of information available and its incompatibility, as well as considerably lower absolute indicators of military R&D expenses, which pre-suppose that these expenses could not have any material impact on economic indicators. However, based on certain estimative judgments we have concluded that under the present conditions of economic development in Armenia the possibility of any negative impact of military R&D can be excluded, except for perhaps the additional tax burden borne by society. Th is burden, however, appears to be much lower if we consider that as a potential result of these activities, locally produced arms and ammunition can replace the import of arms which are at the fi nal stage of their technological lifecycle.
